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Abstract 

We assessed the role of platelet-activating factor (PAF) in corneal 
allograft rejection and evaluated the effects of a PAF antagonist 
on corneal inflammation, cellular infiltration, vascularization, and 
edema. Rabbits with vascularized corneas served as recipients 
of allogeneic cornea grafts. Rabbits with normal corneas 
underwent autografts as controls. All of the allografts developed 
the progression of signs characteristic of rejection. Nevertheless, 
treatment with the PAF antagonist BN52021 significantly 
inhibited corneal allograft vascularization for up to 10 days after 
transplantation and reduced the number of eosinophils in the 
allografts at 28 days after transplantation. In contrast, saline- 
treated allografts exhibited florid vascularization and intense 
inflammatory infiltrates. Control autografts survived without 
developing significant inflammation or vascularization. The 
retardation of allograft eosinophilia and graft vascularization by 
the PAF antagonist was most likely the result of suppression of 
PAF-mediated reactions in the cornea. These results indicate that 
PAF may play a role in corneal inflammation and vascularization 
after corneal transplantation, and that PAF antagonists may be 
clinically useful in delaying some of the pathophysiologic 
consequences of corneal graft rejection. Curr. Eye Res. 
13: 139-144, 1994. 
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Introduction 

Chemotherapeutic prevention and/or treatment of corneal 
inflammation following injuries, burns, infections, and surgery 
are critical to the preservation of vision and maintenance of 
normal corneal function. Corneal cells have been reported to 
produce mediators of inflammation, in particular platelet- 
activating factor (PAF) (1-3), which accumulates in the cornea 
after injury and is postulated to be a mediator of intraocular 
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inflammation (3,4). Additionally, cells and infectious agents that 
infiltrate the cornea may also produce factors that elicit damaging 
inflammatory reactions (5-8). One of the consequences of 
corneal inflammation is neovascularization (9-13), which can 
result in permanent damage to the cornea (5,14) especially after 
repeated episodes (15,16). 

Inflammation and vascularization after corneal transplantation 
may signal the onset of corneal allograft rejection resulting from 
the recognition of alloantigens by host lymphocytes and the 
destruction of graft cells (17-20). If this process cannot be 
modulated or reversed, the graft may fail. An agent that could 
reduce or reverse the inflammatory response in corneal grafts 
would be useful in the treatment of this clinically important 
phenomenon. 

PAF has been shown to be involved in graft rejection (21,22), 
and the use of a PAF antagonist has been shown to mitigate the 
rejection response in at least one model (22). Although the role 
of PAF in the corneal model of injury and inflammation has been 
examined (1-5), little is known about the effect of PAF 
antagonists on corneal graft rejection. 

Materials and methods 
Animals 

Twenty-four adult New Zealand white (NZW) and ten Dutch 
belted rabbits of both sexes were used as recipients and donors, 
respectively. NIH guidelines on the care and handling of animals 
in research (DHEW Publication, NIH 86-23) and the tenets of 
the Declaration of Helsinki were strictly adhered to throughout 
this study. 

PAF antagonist 

BN52021 (provided by Dr. Pierre Braquet, Institut Henri 
Beaufour, Paris) has been shown to act as a specific PAF 
antagonist in numerous models of PAF action (23,24). For this 
study, BN52021 was dissolved in sterile saline at a concentration 
of 20 mg per ml. In vitro and in vivo toxicity and pharmacokinetic 
studies in our laboratories (unpublished data) indicated that this 
concentration was optimal for use in these experiments. 
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Table L Clinical scoring system for grading corneas 



Grade 



Parameter 0 



Cloudiness 


Clear cornea 


Hazy cornea, 
iris and iris 

vessels easily 

seen 


Cloudy cornea, 
iris difficult 

tr\ cap nrnm infant 
IU oCCj pi Ulllillt'lll 

features still 
apparent 


Opaque cornea, 
iris not visible 


Edema 


Normal thickness 
cornea 


Slightly thickened 
cornea 


Significantly 
edematous cornea 


Failed corneal 
graft 


Corneal 
vascularization 


No vessels in graft 


Vessels entering 
graft in superior 
120° 


Vessels into graft 
from 180° to 240° 


Vessels into graft 
from 360° 



Corneal transplantation and PAF antagonist treatment 

The study design necessitated 28 days of observation and 
treatment. Previous work (20,25) revealed that graft rejection 
would occur within this time frame, allowing us to collect data 
throughout the rejection process. 

The upper halves of the corneas of 20 NZW rabbits (one eye 
each) were vascularized by placing five loops of 6-0 silk sutures 
in the superior 180° of the cornea at approximately one-half to 
two-thirds the depth of the corneal stroma, as described by Hill 
and Maske (20). Approximately two weeks after suture 
placement, all of the corneas were vascularized equally in the 
superior 180° of the cornea. Two days before the scheduled 
corneal transplantation, the sutures were removed and the corneas 
were allowed to heal. A standard corneal transplantation technique 
as reported previously from this laboratory (26) was employed. 
In brief, 7-mm, full-thickness corneal buttons were removed from 
the central cornea of graft recipients and replaced by 7.5 mm 
diameter corneal allografts from Dutch belted donor rabbits. The 
10-0 nylon sutures were left in place throughout the 28-day 
observation period. Graft recipients were randomly assigned to 
the drug-treated or saline-treated group. 

Four NZW rabbits (one eye each) that did not have placement 
of silk sutures underwent corneal autografting and were used as 
controls for comparison with the treated and untreated allografts. 

At the time of surgery, and daily thereafter for 27 days, 10 
of the 20 eyes receiving full thickness corneal allografts were 
given 6 mg of BN52021 in 0.3 ml as a subconjunctival injection 
using a 25-gauge needle. The other 10 allografted eyes received 
an equal volume of sterile saline subconjunctival^ on the same 
schedule. The injection sites for the drug-treated and saline-treated 
groups were identical. Back flow was minimal and averaged less 
than 5% of the injected volume. Injections were performed under 
local anesthesia. The four autografted eyes received no injections. 

All eyes were examined by slit lamp biomicroscopy and 
photographed every day and immediately before the animals were 
sacrificed 28 days after transplantation. The corneas were graded 
separately for cloudiness, edema, and neovascularization by two 
unbiased, independent observers. A clinical grading system with 



values ranging from zero (none) to 3 (most severe) was used to 
score the clinical condition of the grafts (Table 1). The data were 
analyzed using SAS Version 6.0 (SAS Institute, Inc., Cary, North 
Carolina). Individual observer variability was less than 3% of 
the means of the scores and variability between the two observers 
was less than 5% of the means of the scores. 

Assessment of allograft rejection 

Corneal graft reactions were scored using the grading system of 
Chen et al. (25). In this system, grade 4 graft reactions were 
established as endstage, irreversible rejection reactions. Such 
grafts were edematous, vascularized for 360°, and completely 
opaque. 

Corneal histology and immunohistochemistry 

Twenty-eight days after surgery, all animals including the 
autografted controls were sacrificed and the tissues were 
examined histologically and immunohistochemically. The corneas 
were removed, preserved in neutral buffered formalin for 24 
hours, incubated an additional 24 hours in sterile 20% sucrose 
solution, frozen in Optimum Cutting Temperature (OCT) medium 
(Miles Laboratories, Shawnee, Kansas), and sectioned at 7 fim 
in a cryostat. Representative tissue sections were processed using 
the Luna technique (27) for the staining eosinophils and additional 
sections were stained for thymus derived (T) lymphocytes and 
Class II-expressing cells. 

The immunohistochemical staining procedures were used as 
previously reported (28,29). Briefly, separate tissue sections were 
incubated in monoclonal antibodies specific for rabbit T 
lymphocytes (clone LI 1/135, secretes IgG! antibody, American 
Type Culture Collection, Rockville, Maryland) and Class II- 
expressing histocompatibility markers of the rabbit (Class II + , 
clone 2C4, secretes IgG 2 antibody, American Type Culture 
Collection, Rockville, Maryland). The binding of the monoclonal 
antibodies in the tissue sections was revealed using the avidin 
biotin complex staining sequence (Vectastain, Vector 
Laboratories, Inc., Burlingame, California). 
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Tissue sections from six different levels of corneal allografts 
and autografts were examined for the presence of eosinophils, 
T lymphocytes, and Class II + cells. A masked and unbiased 
observer performed routine light microscopic evaluation of the 
six sections from each cornea and recorded the density of 
eosinophilic, lymphocytic, and Class II + cells in each section. 
Quantitative analysis of the cells that infiltrated the tissue sections 
was also performed using an image analysis system. The 
sensitivity of the image detector and background staining levels 
were established using sections from the autograft controls. 
Having established the zero parameters, we were then able to 
obtain density measurements across the entire length and width 
of the tissue sections. The T cells and class U + cells stained 
uniformly dark brown enabling us to obtain reproducible data. 
The eosinophils with azurophilic granules gave density readings 
that could be quantified in the tissue sections. Areas of the 
allograft sections that lacked T ceils, class n + cells, or 
eosinophils did not contain stained artifacts that could have 
obscured the results of the density measurements. 

Densimetric measurements of stained eosinophils, T cells, and 
Class II + cells in the tissue sections were performed using a 
Videoscope CCD 200E camera (Videoscope Int., Washington, 
DC) attached to a Nikon Optiphot microscope. Six sections 
consisting of both peripheral and central portions of each graft 
were examined. Eosinophils, T cells, and Class 11+ cells were 
identified in tissue sections, the images were digitized and the 
information stored in an Everex 486/25 computer using an 
Optimas Bioscan Program (Bioscan, Inc., Edmonds, Wash). 
Computer-assisted measurements of cell numbers as reflected by 
the density, the area stained, and the total area of the corneal 
sections permitted us to compare the cellular infiltrates in the 
treated and untreated groups. The densities of T cells, class H + 
cells, and eosinophils in three sets of six tissue sections from 
six different levels of each graft were densitometrically 
determined. The data obtained for T cells, class H + , and 
eosinophils in the saline-treated and PAF antagonist-treated eyes 
were pooled into the two treatment groups and the mean percent 
of the tissue occupied by each cell type in each treatment group 
was determined. The data were analyzed using SAS Version 6.0 
(SAS Institute, Inc., Cary, North Carolina). 



Table 2. Corneal allograft immune reactions in PAF antagonist- 
treated and saline-treated corneas 



Treatment 


Total no. 
of grafts 


Time to first 
sign of graft 
reaction* 
(days) 


Mean (± SD) 
survival time 
(days) 


Saline 


10 


15/2, 18/3, 


20.1 ± 3.8 






20/1, 24/3, 25/1 




BN52021 


10 


14/1, 17/3, 


19.7 ± 3.2 






21/2, 22/3, 24/1 





♦First appearance of a corneal allograft immune reaction characterized by faint 
corneal haze and mild infiltrative vascularization at the original site of placement 
of the silk sutures. Numbers are days after surgery/number of grafts showing 
first signs of immune reaction on that day. SD, standard deviation. 
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Figure L Corneal haze and cloudiness was scored from 0 to 3 by two 
independent observers using a scale in which 0 indicated a clear graft 
and 3 a completely opaque graft. The mean scores ± standard deviations 
of the PAF antagonist-treated and saline-treated eyes reveal a significant 
difference at 10 days' (P<0.005), but not at 19 or 28 days. 



Results 

Clinical observations 

None of the four control, autografted eyes showed significant 
cloudiness, edema, or vascularization, indicating that the 
transplantation surgery was not responsible for these conditions 
in the allografted eyes. All of the allografts underwent rejection 
over the 28-day period of the study. 

Allograft rejection 

Immune-mediated rejection of corneal allografts in vascularized 
graft beds occurred within 28 days, confirming previous reports 
(20,25). Grafts in saline-treated eyes and BN52021 -treated eyes 
exhibited similar mean survival times (Table 2). Endothelial 
rejection lines were seen in five (two saline-treated and three 
BN52021-treated) grafts. 



Corneal cloudiness 

Corneal allografts treated with the PAF antagonist, BN52021, 
exhibited little or no corneal cloudiness in the first 10 days after 
grafting (Fig. 1), compared with noticeable cloudiness in the 
saline- treated corneal allografts as early as day 10. The difference 
between the cloudiness of antagonist-treated and saline-treated 
allografts was statistically significant (P < 0.005). By day 19 
and thereafter, however, there was no difference between the 
saline-treated allografts and the BN52021 -treated allografts in 
terms of corneal cloudiness (Fig. 1). 

Corneal edema 

BN52021 -treated corneal allografts did not exhibit edema until 
day 14 after grafting, whereas the saline-treated allografts 
exhibited grade 1 edema as early as day 10. At day 10 there was 
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Figure 2. Corneal edema was measured from 0 to 3 by two independent 
observers using a scale in which 0 represented no edema and three 
represented a graft that was twice the normal thickness. The mean scores 
and standard deviations reveal a significant difference at 10 days 
(P<0.005), but not at 19 or 28 days. 
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Figure 3. Corneal vascularization was scored from 0 to 3 by two 
independent observers using a scale in which 0 indicated no 
vascularization and 3 indicated a graft with vascularization in all 
quadrants. The mean scores and standard deviations reveal a significant 
difference at 10 days (P<0.05), but not at 19 or 28 days. 

a statistically significant difference between the BN52021 -treated 
corneas and the control corneas (P < 0.005). This difference 
was no longer apparent by day 19 and throughout the remainder 
of the observation period. On day 28 both the control and the 
antagonist-treated allografts exhibited similar degrees of corneal 
edema (Fig. 2). 

Corneal neovascularization 

The PAF-antagonist-treated corneas were significantly 
(P < 0.05) less vascularized on days 10 and 19, compared with 
the saline-treated corneas (Fig. 3). On day 28, vascularization 
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Figure 4. Corneal cell infiltrates were quantified by computerized image 
analysis of tissue sections obtained 28 days after grafting. The means 
and standard deviations for the area of the section imaged for each cell 
type in PAF antagonist-treated and saline-treated grafts are shown. There 
were significantly fewer eosinophils in the sections from the PAF 
antagonist-treated grafts compared with the sections from the controls 
(P < 0.05), but no difference in the number of T cells. Increased numbers 
of Class II + cells in sections from antagonist-treated grafts were noted 
(P<0.05). 

in the PAF antagonist-treated corneas was less than in the saline- 
treated group although the differences were no longer statistically 
significant. 

Histology and immunohistology of corneal allografts 

Image analysis quantification showed fewer eosinophils (0.91 ± 
0.29 vs. 0.47 ± 0.18) and more Class H + cells (0.92 ± 0.31 
vs. 0.48 ± 0.13) in the tissue sections from corneal allografts 
treated with the PAF antagonist, compared with the saline-treated 
allografts (Fig. 4). No differences were seen in the numbers of 
or percent of tissue area occupied by T lymphocytes (0.64 ± 
0.18 vs 0.50 ± 0.17). 

No correlation between the nature or intensity of the cellular 
infiltrate and the day of graft rejection was observed. 

Discussion 

PAF is a potent mediator of inflammatory reactions and platelet 
aggregation and has a variety of effects in mediating cell-to-cell 
interactions (23,24). It has been demonstrated that corneal 
epithelial cells produce PAF (3,4). In addition, when the cornea 
becomes inflamed and infiltrated by polymorphonuclear 
leukocytes and eosinophils, PAF levels greatly increase (3,4), 
and it is known that these two cell types are major sources of 
PAF (5,30). In the cornea, PAF potentiates the activities of acute 
inflammatory cells, causing leukocyte activation, release of 
leukocyte enzymes, and tissue disruption (3-5). If this action 
is extensive enough, the cornea becomes irreversibly edematous 
and damaged. 

It is also known that the presence of inflammatory cells, 
especially polymorphonuclear leukocytes and eosinophils, stim- 
ulates corneal neovascularization (9-11,31,32). However, the 
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exact mechanisms by which leukocyte infiltrates induce neo- 
vascularization of an avascular tissue are not known. 

We found that treatment with the PAF antagonist retarded the 
development of corneal cloudiness and edema, and reduced the 
development of vascularization of corneal allografts. The demon- 
stration that corneal neovascularization can be decreased by 
treatment with a PAF antagonist suggests a role for PAF in the 
early phases of the immune graft reaction. The transient nature 
of the inhibitory effect of the PAF antagonist on the inflammatory 
response may be related to the dosage and route of administration. 
In order to be clinically useful, the antagonist may require 
sustained delivery in higher concentrations for a longer period 

of time. _ „ 

The increased numbers of Class II + cells in PAF antagonist- 
treated grafts requires further study. At the present time we do 
not know if these cells are new residents of the cornea graft or 
are graft cells that have been induced to express the Class II 
histocompatibility marker. The role of PAF in modulating Class 
II marker expression has not been studied. 

The most important observation of this study is that treatment 
of corneal allografts with a PAF antagonist resulted in reduced 
numbers of eosinophils in the allografts that underwent rejection. 
PAF is a powerful chemotactic agent for eosinophils (23). 
BN5202 1 a PAF antagonist, decreased the number of eosinophils 
in corneal grafts, suggesting that the effect is receptor-mediated. 
Although the role of eosinophils in corneal graft rejection has 
not been determined, the presence of these cells could modulate 
the immune response. A relationship between severe immune 
deficiency and eosinophilia has been noted in. familial 
reticuloendotheliosis (23). 

In this study, the PAF antagonist was administered via one 
daily subconjunctival injection. This treatment regimen was used 
in order to prolong the effect of the drug and to avoid 
manipulation of the graft such as occurs with intragraft injection. 
Studies are in progress to define the most effective routes of 
treatment and schedules of drug application to maximize the effect 
of PAF antagonists during corneal allograft rejection. 
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